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As far aa the writer knows biaxial, uniformly dis- 
tributed edge loading of siaaply supported aandwich pistes 
hats not bean widely achieved In testing programs. It is 
intended that the method, with resulto, enumerated heroin 
ia not a realisation of the goal but progress in that 
direction. 

the writer takes this opportunity to acknowledge 
the supervision end advice of his thesis advisor, Professor 
Joseph A. also of the Institute of technology. University 
of Minnesota, the assistance of Second Uleutonant* Lana 
Snudson end Paul Xjolseth, i*orwegien Air Force In the 
laboratory work, and Mr. *. A. Pit sen and others of the 
Chance Vought Aircraft Division of the United Aircraft 
Corporation. 
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Ai .b f A ju»C? 

The design o f an arrangement for applying uslf 0raly 
distributed biaxial loads to * plate when the plate edges 
are simply supported Is presented; the behavior of a 
sandwich plate (Metalite) whan it sms subjected to thla 
type of load and edge conditions la presented* The 
method of transformed sections le utilised to predict 
tho plate critical load for the sandwich plate (Metslite); 
a comparison 1* made between the value predicted by this 
metfaoa and that predicted from laboratory testing with 
the loading arrangement* Principal etraina and principal 
stresses at selected points on the surface of the plate 
are presented; deflections of these selected points also 
are Included* 

uss in mow of ?donm 

By ^eans of a testing apparatus and procedure It 
was desired to observe the behavior of a fiat betalite 
plate with tho edges of the plate simply supported when 
the plate was subjected to uniformly distributed loads 
acting biaxis lly in the plane of the plate* From these 
observations it was intended that the plate critical load 
could be established for the edge and load conditions 
specified* Thus, the problem was two fold? (1) to obtain 
the desired edge conditions for the plate; (2) to observe 
the behavior of tho plate* 
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LIMITATION Or 

(a) For the teat spec Imea 

It «&* tiiuifttd that the teat » pectin ms list prior 
to teat. This condition did not prevail because the plot© 
had an Initial curvature in each of the t#o edge directions; 
In aiagnltud© It aaa In the order of one-tenth of an Inch 
at the center of the plate. It «aa assumed that the teat 
specimen was representative of any Eetalite plate 
fabricated to the earn© over-ail and component p*rta 
dimensions as tb© plat© tested. 

(b) For the testing apparatus 

L* the apparatus originally aas designed the biaxial 
loads applied to the plate *©re to be diatributed uniform- 
ly along the edges of the plate through a system of tooth- 
ed blocks. The teeth acre incorporated In the blocks 
to relieve the edge restrictions to plat© contraction 
imposed by the action ©f biaxial loading transmitted 
by a continuous surface. In the testing of the plate 
it »a# necessary to sacrifice the principal of t :© toothed 
blocks in order to hold the plate in position ahen It ass 
subjected to loads. The modification of the testing 
apparatus ahich was required to hold the plate in position 
also restricted the available amount of edge rotation cf 
the plate; the restriction laade it impossible to ap-jly 
sufficient load to realize experimentally the plate 
critical load. The assumption that the edges of the plate 



a 



R» UMUiUL 

l 

.«tn« If. ■ i . ... » ; a V |«1, .. . 

*«l rn*tr*> . . IH«; J«| dl, «v. I «>oi tint .MM .» 

«(La *»a * . I« t Utm zl wvoftr* lk« .'ailj«. « 

' Ml • * *«r )• t#M mi il M* 41 «i 

• • •• <• * •* • 1 • .»••.. .. i,:.., „ i 

|M M *ft/UnH M* «• Mlug, 
U4 fM all Ml MlMIMU 

... ► '»•»! • . . 

1 ' IMIIH* « j Ill 

l*Ja«ld all .*■!/ >«» >» (Xi all ** 
nriiUia u./. twain pd ■! »va «/ai* «u «a iai*i 

t« 1 ft » a aiwri tint mi ta »«»im «m i«Im fj 
**••••» * «* - >ia «i». , . . . , .» 

I »U: «;*i- Ml M»i ml yrui <1 *1 

miAMMti mUM( IdMU U adlti Mil «a •**«•) 
Mlalfi >• MJliM Ml i; .aulM mmuIUm » «a 
•M.-la »4 m-» U IdtMiit <u MtU'ilM •# UMiiat ««a 14 
' ” •*« *lai- *^1 t.aa .1 ***w n. . 

Ml ta a*Jia« 4 UM» all .mm. *4 tnaatlw 

U aikia Ml hi a* *i MflUrnm m lain *a/««*«wa 
*"* i.M la iaaama tUuJ«M ml yMahftn MU 

1 M* a# aliliiatal 14 Mm iimuiMt m*i ( mmi mi 
al«lt Ml (tiwamimia Milan ad mu MMaHlai 
VlaJd Ml t. ml l»«l mJ 1 ;mui Ml .m**l 1 ••til 10 



sere simply supported wee not res Used exactly? the center 
lines of edge rots t ions were in the said-plane of tb$ 
plate removed approximately two and thirteen-sixteenths 
inches from the edges. 

omc^micm 

(1) That for edge and load conditions as specified 
(simply supported and uniformly distributed $ respectively) 
the piste critical load for a Metaiiie plate of the aixe 
and dimensions tested as determined from sn analysis of 
the def lection data Is ten thousand two hundred pounds 
(two hundred ninety pounds per linear inch). 

(2) That the plate critical load ©a predicted by the 
method of transformed section is eight thousand five 
hundred end eighty-five pounds (two hundred forty-five 
pounds per linear inch). 

(5) That the difference between these predicted 
plate critical loads is due in part to the typo of analysi 
of the deflection cats (assuming that the deflection is 
Infinite at tho plate critical load). 

(4) That duplications of this testing should bo per- 
formed en similar plates to establish the piste critical 
load. 

(b) That the totting apparatus should be modified 
further ©r in s different manner In order that tho edge 
•conditions assumed and sought mvy be more nearly realised. 
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BflrjMfcUCTXCII 

To explain th© fabrication of Metallic, the following 
la quoted from an article ^Experiences &ith Candwich 
Materials in Air frames* by H. B* Gibbons and E. acEonough 
of Chance Vcught Aircraft presented at o aympoaiusa on 
*The theory and Practice of bandwich Construction in Air* 
craft 11 at the sixteenth annual meeting of the Institute of 
the Aeronautical Gciencee in i*ew York City during 26-29 
January 1948: 

**Tbe manufacture of Metal it© is essentially a molding 
operation which involves a series of relatively simple 
processes. the aheet metal parts are first cut to shape, 
then thoroughly cleaned, masked for spraying, and sprayed 
with Cycleweld adhesive* They are then cured for one-half 
hour at 525 degrees Fahrenheit* The end grain cor© is 
produced by gluing a number of balsa planks into bolts 
about tso feet by four feet in cross-section and by cutting 
siloes slightly greater than the required , core thickness 
from these nolle with a bend saw. T© form the required 
panel size, the slices are further edge-glued together 
and trimmed. The panel Is sanded to the desired thickness 
on a drum ssnaer and routed where necessary for internal 
ooublere and splice plates* The wood core Is then sized 
with a very light application of a radically different 
type of resin and no further adhesive applied. The 
secondary adhesive is applied to the areas of the *etal 
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perts that are coated with Cycle weld. The metal parts are 
then assembled with the wood core on a mold of the required 
contour. The aseea&hly is covered with a light rubber 
blanket, which Is sealed to the acid, and cured In an 
autoclave for one hour at 2Z0 degrees Fahrenheit end 
sixty pounds per square incb. M 

TEisf lUJlPfcSSX 

{1} Olacn compression-load testing machine. 

(pro video the vertical component of the biaxial 
loads ) 

(2) Xioad distributing arrangement (see Appendix A )• 
(also induced provision for horizontal component 
of biaxial loads) 

(5) Baldwin Southwark strain Indicator. 

(4 ) feat specimen (Heialite plate) with properly 
attached strain gages (rosettes). 

(6) Ames deflection dials. 

TSfcff ?ttOCEEOfiI 

(1) Calibrate the tension rods In a tensile testing 
ass chino for a load versua strain curve, 
(eetablished a means for determining the horizon- 
tal load applied to tho teat specimen) 

(2) Align the frame of the load distributing 
apparatus on supports en the bed of the Olsen 
compress ion- load testing machine* 



. 



0*1 AU« t*i*M (M * /«| 








•A.'MiUtl* »«i Mi H MOTt «4l m*ti* it| 



(3) Install the t ©at specimen, load distributing 
bars and blocks In tha frame In a manner such 
that the applied loads will act in the plane of 
the plate (assuming the plate is flat}* 

(4) fire all strain gages to the selector box* 
(facilitated the observing and recording of 
strain indicator readings} 

(5) Secure the mounts for the A a* a dials to the f raise 
and attach the dials to the mounts* 

(6) decord the no-load strain indicator reading of 
all the strain gages and sera the a cb dials* 

(7} apply biaxial loads in desired increments, record 
the strain gage and Ames dial rasa Inga at each 
increment. 



n&& uPBC'lid EM 

Type Meta lit© plate* 

bias: 1hlrty-£lvo inches square* 

Core: Mine pounds per cubic foot balsa wood* 

(tolerance of plus one-half pound, minus 
nothing}. Ihirty-six hundredths of sn inch 
thick* 



Faces: 24S-T3 Alois d aluminum alloy, grain cn 

opposite faeee parallel* 
sixteen thousandths of an Inch thick* 
Adhesive: nedux* 

Composition: ligure £. 
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FliSbOTATlQl OF 08b KVaTIDIS 

Tile four sirs la gag© rosettes on each fee© of the 
plot© were oouated opposite each other in the following 
manner (Figure j s 

I opposite V XII opposite VII 

II opposite VI IV apposite VIII 

In sedition, on the east face of the piste rosettes 
IX and IV sere cywme trie ally located; a similar relation- 
ship existed between rosettes VI end VIII on the eoet fee© 
of the plat©. 

In table I i« presented the strain indicator readings 
reduced to a zero reading at no-load conditions* In Tables 
2, 3 , 4, and 6 , which include the maximum and minimum 
strains and stresses as determined from the solution of the 
strain gag© rosettes, the angles listed are those which 
arc included between the line of maximum strain or stress 
and a horizontal axis originating at the center of the 
rosette* For the rosettes on the ©eat face of the plat© 
the angle la measured positively in a counterclockwise 
direction from the north end of the horizontal axis, and 
positively in a clockwise direction from the north end of 
the horizontal axis for the rosettes on the west face of 
the plate* This convention of sign notation and selection 
of reference© facilitates comparisons between values on 
opposite faces of the plat© at the four locations of the 



rosettes 
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In Figures 6, 7, 8, end 9 the difference in saftxtmw® 
principal stresses between feces at the location of each 
of the rosettes is shown graphically* 

In Figure 10 I* a graphical presentation of the 
variation in the direction of the maximum principal strains 
and streets* at each of the rosette locations* 

In Table 6 is contained the amounts cf plate de- 
flection at the various increments of edge leads; the 
locations of the clef lections with respect to the plate is 
shown In Figure 4 ; this deflection data Is shown graph- 
ically in Figure 5. 

DI&CU5&IOI8 OF XA«A 

At all four of the locations on the plate at which 
airs ins were measured and the principal stresses deter- 
mined, the stress on the concave aide (east face; of the 
plate was consistently greater In magnitude than on the 
convex aide* As the plate critical load was approached 
these stroaaea tended to become more nearly equal in 
magnitude (Figures 6 through 9)* The plot la Figure 5 of 
the deflection of the center of the plate was analysed for 
a beat-fitting curve; several expressions were tried and 
a secant function selected on the assumptions that the 
slope of the curve should be infinite at the plat© critical 
load (the deflection also infinite; and the curve should 
indicate no deflection at the origin of recorded de- 
flections* This best-fitting secant curve was determined 
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by the t?*ethod of the lea at sim of the aqua res of the 
difference* between theoretical and actual values of de- 
flections. The function so determined lc of the form 

r If 

ti a m A Qn secant (~ Qn) 

whore delta n s$ u *3. to the deflection at the a ih value 
of load, 

A lc equal to a constant to be determined, 

qn 1* equal to the ratio of « 

^cr 

? n is aqual to the load leas 1000 at the n th 
value of load, 

P cr is equal to the plate critical load less 1000. 
For the deflections as observed at the center of the plate, 
vaiuea of A equal to 0.7678 and P cr equal to 9200 yields 
the beat-fitting curve. Therefore, the plate critical 
load (at which the doflectiou la infinite) by thia aethod 
of extrapolation la ten thousand two hundred pounds. At 
an edge load of eight thousand five hundred eighty-five 
pounds the deflection would be two and thirty-two hundred- 



ths inches 
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FIGURE 1 



TRANSFORMED SECTION 
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For a rectangular, al&ply supported plate subjected 
to biaxial uniformly diatributed force a the critics l forces 
6* determined by assuming the plate deflect* In the form 
of a double sine series and by equating the internal and 
external energy, * ro *x 



P x *2 4 tm n* *2 * 



t3 



i~M fcr 
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By the method of transformed section*, the thickness of the 
web in the transformed section la equal to the ratio of the 
moduli of elasticity of the two abater la 1* in the compound 
sect long* X£ it is assumed that the modulus of elasticity 
for the fact material is 10.5 x IQ** pounds per square inch 
and for the core matorial i* G.56C5 x 10^ pounds per 
square lncfa$, the ratio of the core modulus to face modulus 

mm 

is 0*055, which Is the thickness of the web in the trans- 
formed section. 

The moment of inertia of this transformed section 
about its center lino la 0.00154555 inches 4 . The thickness 
of the equivalent piste is then the cube root of 
12 x 0.00154555 or 0.254 inches (Figure 1) . Substituting 
this value In the above equation and assuming mu equal to 
Q.3 f P x equal to Py, n equal to m equal to unity, and a 
equal to b equal to 35, the plate critical load is two 



subscripts 1, 2, 5, refer to references 
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hundred f orty-f I’ve pounds per Inch or eight thousand five 
hundred eighty-five pounds per edge# 

If, in this calculation, » value of 10 x 10° pounds 
per square inch had boon assumed for the modulus of 
elasticity of the face arterial, the final result would 
have been t»o hundred forty pounds per inch or eight 
thousand four hundred pounds per edge# 

HSCGIUiSi4*%Z0)li> 

(1) That the testing apparatus be modified to allow 
a greater amount of rotation of edges of the test plate# 
this can be accomplished by reducing the sixo of the 
plate positioning blocks, or increasing the space between 
the angle frames, or cutting plate positioning slots into 
the teeth of the toothed load lag blocks# These 
possibilities are listed in order of increasing difficulty! 
although the third one would be most difficult, it would 
produce the most desirable final result. 

(2) That a series of tests be conducted on similar 
plates to verify the results of this project and to achieve 
the determination cf a plate critical load by laboratory 
testing . 

(£) That teats be conducted on plates of homogeneous 
materiel with dimensions corresponding to those obtained 
by the method of transformed section for use in 

comparative analysis. 
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TABLE 1 

STRAIN GAGE DATA 



EDGE 

LOAD 


ROSETTE 
GAGE GAGE 
IE 2E 


I 

GAGE 

3E 


ROSETTE 
GAGE GAGE 
i*E 5 e 


II 

GAGE 

oE 


ROSETTE 
GAGE GAGE 
7E 8E 


III 

GAGE 

9E 


ROSETTE 
GAGE GAGE 
10 E HE 


IV 

Gage 
12 E 


OOOO 


000 


000 


000 


000 


000 


000 


000 


000 


000 


000 


000 


000 


iooo 


-28 


.120 


*-1*0 


-90 


-53 


-96 


-95 


-50 


-31 


-66 


-23 


-110 


2000 


-178 


-229 


-11*9 


-183 


-155 


-200 


-191* 


-153 


-121 


-162 


-117 


*230 


3000 


-338 


-387 


-282 


-323 


-280 


-315 


-326 


-292 


-191 


-286 


-228 


-371* 


1*000 


-1*28 


-530 


-1*20 


-1*53 


-1*03 


-1*28 


-1*59 


-1*58 


-251 


-1*10 


-357 


-526 


1*1*00 


-538 


-596 


-1*73 


-516 


-1*60 


-1*76 


-520 


-51*2 


-256 


-1*62 


-1*17 


-592 


1*800 


-528 


-61*0 


-520 


-563 


-1*98 


-508 


-567 


-611 


-291 


-510 


-1*70 


-638 


5200 


-61*7 


-711 


-587 


-61*1 


-553 


-578 


-620 


-711 


-309 


-580 


-51*0 


-730 


6000 


-773 


-839 


-697 


-785 


-671 


-692 


-787 


-921 


-31*3 


-717 


-682 


-885 


7000 


-900 


-980 


-779 


-971 


-808 


-81*5 


-101*0 


-1258 


-387 


-917 


-857 


-1138 


EDGE 

LOAD 


ROSETTE 
GAGE GAGE 
1W 2W 


V 

GAGE 

3W 


ROSETTE 
GAGE GAGE 

l*w 5w 


VI 

GAGE 

oV. r 


ROSETTE 
GAGE GAGE 
7 W 8W 


VII 

GAGE 

9W 


ROSETTE VIII 
GAGE GAGE GAGE 
10 W 11 W 12 W 


0000 


000 


000 


000 


000 


000 


000 


000 


000 


000 


000 


000 


000 


1000 


-25 


-9 


25 


-19 


-10 


22 


-1*0 


13 


1*3 


19 


-8 


-77 


2000 


-15 


8 


1*0 


3 


2 


27 


-21* 


50 


-22 


28 


-7 


-57 


3000 


79 


65 


105 


82 


32 


57 


37 


80 


-32 


67 


29 


3 


i*ooo 


190 


166 


208 


176 


81 


105 


97 


11*0 


-21 


11*6 


73 


86 


1*1*00 


258 


223 


267 


226 


110 


137 


132 


177 


5 


197 


111* 


136 


1*800 


327 


281* 


330 


279 


11*3 


171* 


170 


228 


13 


252 


11*9 


I83 


5200 


1*20 


363 


1*20 


366 


192 


222 


220 


258 


50 


331 


212 


253 


6000 


61*2 


51*9 


620 


568 


302 


332 


31*2 


370 


150 


526 


31*2 


1*05 


7000 


970 


822 


929 


912 


1*62 


508 


559 


550 


380 


871* 


575 


63!* 



TABLE 2 



PRINCIPAL STRAINS 
PRINCIPAL STRESSES 
REFERENCE ANGLE 
ROSETTE I 

BI- : : : : 



AXIAL: 
EDGE : 
LOAD : 


NIK 

STRAIN 


MAX : 
: STRAIN : 


* ANGLE 
TO K IN 
STRAIN 


• 


ANGLE 
TO LAX 
STRAIN 


MIN 

STRESS 


MAX 

STRESS 


1000 : 


-5.1 


s -120.5 : 


185 


25 


• 


95 


25 


-465 


-1580 


2000 : 


-158.7 


: -251.9 : 


169 


55 


: 


79 


55 


-256O 


-5100 


5000 : 


-275.1 


: -596.5 : 


164 


04 


*. 


74 


o4 


-4460 


-5420 


4000 : 


-588.5 


: -550.1 : 


178 


10 


: 


88 


10 


-6200 


-7550 


4400 : 


-^64.7 


: -606.7 : 


164 


05 


: 


74 


05 


-7520 


-8450 


4800 : 


-485.5 


: -640.1 : 


178 


20 


• 


88 


20 


-7665 


-8900 


5200 : 


-576.5 


: -720.1 : 


165 


50 


: 


75 


50 


-8970 


-10100 


6000 : 


-687.7 


: -851.7 : 


I65 


50 


*• 


75 


50 


-10670 


-11980 


7000 : 


-769.0 


: -1005. 2 : 


161 


59 


: 


71 


59 


-12120 


-15970 


BI- : 

AXIAL: 
ADGE : 
LOAD : 


TIN 

STRAIN 


: I/AX : 

: STRAIN : 


ROSETTE 

ANGLE 
TO .V IN 
STRAIN 


V 


A 1 1 GLE 
TO MAX 
STRAIN 


MIN 

STRESS 


MAX 

STRESS 


1000 : 


-52.4 


: 26.4 : 


69 


10 


• 


159 


10 


-277 


189 


2000 : 


-20.8 


42.8 : 


72 


20 


* 


162 


20 


-90 


4l4 


5000 : 


59.6 


: 106.4 : 


49 


55 


• 


159 


55 


1050 


1412 


4000 1 


165.7 


: 212.5 : 


42 


57 




152 


57 


2577 


2960 


4400 : 


222.5 


: 276.2 s 


55 


58 


: 


125 


58 


5490 


5880 


4800 : 


284.0 


: 5^5.4 : 


51 


40 




121 


4o 


4580 


4850 


5200 : 


565.0 


: 459.0 : 


50 


00 


• 


120 


00 : 


5600 


6205 


6000 : 


547.6 


: 659.8 : 


25 


50 


• 


115 


50 


8450 


9555 


7000 : 


818.9 


: 995-1 s 


22 


15 


• 


112 


15 


12650 


14060 



TABLE 3 



PRINCIPAL STRAINS 
PRINCIPAL STRESSES 
REFERENCE ANGLE 



ROSETTE II 



BI- : 
AXIAL: 
EDGE : 
LOAD : 


M IN : 
STRAIN : 


; MAX : 

; STRAIN : 


ANGLE : 
TO KIN : 
STRAIN : 


ANGLE : 
TO MAX : 
STRAIN : 


l IN : 
STRESS ; 


MAX 

. STRESS 


1000 : 


-52.9 : 


-115.1 *. 


146 


42 : 


56 


42 : 


-984 : 


-1458 


2000 : 


“155-5 


-205.5 : 


158 


55 : 


48 


55 : 


-2452 : 


-2960 


5000 : 


-279.6 : 


! -552.4 : 


155 


05 : 


65 


05 : 


-4290 : 


-4710 


4000 : 


-599.2 : 


1 -456.0 : 


I65 


00 : 


75 


00 : 


-6060 : 


-6550 


4400 : 


-450.7 


: -517.5 : 


171 


57 : 


81 


57 : 


-6860 2 


-7580 


4800 : 


-482.7 : 


-565.5 : 


175 


54 : 


85 


; 


-7585 : 


-8010 


5200 : 


-576.5 : 


: -720.1 : 


172 


00 : 


82 


00 : 


-8280 : 


: -9100 


6000 : 


-646.0 : 


; -786.0 J 


175 


00 : 


85 


00 : 


-9970 : 


; -11100 


7000 : 


-775.6 : 


! -975.8 : 


172 


40 : 


82 


40 : 


-12070 : 


; -15650 



BI- : 
AXIAL: 
EDGE s 
LOAD : 


KIN : 
STRAIN : 


MAX : 
STRAIN : 


ROSETTE 

ANGLE 
TO MIN 
STRAIN 


VI 

: ANGLE 

: TO MAX 

: STRAIN 


: MIN : 

: STRESS : 


MAX 

STRESS 


1000 ; 


-27.2 : 


22.5 : 


66 


02 


; 156 


02 


: -251 : 


162 


2000 : 


-6.0 : 


27.4 : 


59 


02 


: 149 


02 


25 : 


290 


5000 : 


28.2 : 


85.9 : 


15 


00 


: 105 


00 


: 610 : 


1067 


4000 : 


65.7 : 


177.7 s 


7 


02 


: 97 


02 


: 1524 : 


1548 


4400 : 


87.7 : 


227.7 : 


6 


25 


: 96 


2-5 


: 1766 : 


2840 


4800 : 


116.7 : 


280.7 : 


6 


15 


: 96 


15 


: 2264 : 


5528 


5200 : 


155.0 : 


567.0 : 


4 


59 


: 94 


59 


: 2978 : 


4620 


6000 : 


252.7 : 


568.7 : 


2 


55 


: 92 


55 


: 4560 : 


7145 


7000 : 


541.5 : 


915.1 : 


2 


45 


: 92 


45 


: 6965 : 


11550 



TABLE It 



BI- : 
AXIAL: 
EDGE : 
LOAD : 


¥ IN 

STRAIN 


1000 : 


-20.8 


2000 : 


-115.8 


5000 : 


-188.7 


4000 : 


-251.0 


4400 : 


-255.5 


4800 : 


-289.7 


5200 : 


-505.2 


6000 : 


-554.5 


7000 : 


-575.0 



BI- : 
AXIAL: 
EDGE : 
LOAD : 


KIN 

STRAIN 


1000 : 


-45.5 


2000 : 


-47.4 


5000 : 


-56.9 


4000 : 


-24.2 


4400 ; 


-0.1 


4800 : 


8.7 


5200 : 


48.5 


6000' ; 


149.5 



580.0 



PRINCIPAL STRAINS 
PRINCIPAL STRESSES 





REFERENCE 


ANGLE 






t 

MX : 
STRAIN : 


ROSETTE 


III 






ANGLE 
TO MIN 
STRAIN 


• 

: 

* 

• 


ANGLE : 
TO MAX : 
STRAIN : 


MIN 

STRESS 


-96.6 : 


3 


22 


• 


93 


22 : 


-676 


-198.5 * 


15 


00 


5 


105 


00 : 


-I960 


-550.7 : 


22 


57 


5 


112 


57 * 


-5550 


-527.7 : 


29 


55 


• 


119 


55 ; 


-4650 


-625.5 : 


51 


58 


: 


121 


58 : 


-5000 


-689.7 s 


55 


58 


: 


125 


58 : 


-5625 


-790.2 : 


56 


15 


* 


126 


15 : 


-6125 


-1022.7 : 


56 


24 


: 


126 


24 : 


-7255 


-1417.0 : 


58 


58 




126 


58 : 


-9040 




ROSETTE 


VII 






• 

MAX : 
STRAIN : 


ANGLE 
TO MIN 
STRAIN 




ANGLE 
TO MAX 
STRAIN 


MIN 

STRESS 


55.9 : 


79 


50 




-10 


50 


-507 


50.0 : 


115 


09 


'• 


25 


09 


-567 


95-5 : 


158 


43 


: 


48 


48 


-100 


163.2 ; 


142 


54 


5 


52 


54 


297 


202.7 : 


l4l 


15 


: 


51 


15 


687 


265.5 : 


142 


50 


5 


52 


50 


998 


505.7 : 


145 


05 




55 


05 


1578 


425.5 : 


146 


25 


: 


56 


25 


5155 


612.6 : 


148 


49 


; 


58 


49 


6570 



MAX 

STRESS 

-1162 

-2652 

-4615 

-6820 

-7920 

-8795 

-9980 

-12720 

-17500 



MAX 

STRESS 

465 

405 

952 

1820 

2292 

5050 

5600 

5520 

8255 



7000 



TABLE 5 



PRINCIPAL STRAINS 
PRINCIPAL STRESSES 
REFERENCE ANGLE 

ROSETTE IV 

BI- : : : 



AXIAL: 




: 




ANGLE : 


ANGLE s 


• 




EDGE : 


V IN 


: 


MAX : 


TO 


MIN : 


TO 


MAX : 


MIN : 


MAX 


LOAD : 


STRAIN 


: 


STRAIN : 


STRAIN : 


STRAIN : 


STRESS : 


STRESS 


1000 : 


-16.1 


'• 


-116.5 * 


164 


48 : 


74 


48 : 


-578 : 


-1576 


2000 : 


-104.1 


: 


-2550 * 


161 


40 : 


71 


40 : 


-1977 * 


-5020 


5000 : 


-211.2 


* 


-580.8 : 


161 


55 : 


71 


55 : 


-5680 : 


-5050 


4000 : 


-551.4 




-550.6 : 


158 


54 : 


68 


54 : 


-5555 * 


-7140 


4400 : 


-585.5 


* 


-595.1 s 


157 


15 s 


67 


15 * 


-658O : 


-8055 


4500 : 


-458.1 


: 


-640.5 : 


156 


55 * 


66 


55 : 


-7155 s 


-8750 


5200 : 


-501.2 


*• 


-752.2 : 


155 


42 : 


65 


42 : 


-8160 : 


-10000 


6000 : 


-656.5 


: 


-536.5 : 


154 


55 * 


64 


55 : 


-10200 : 


-12200 


7000 X 


-799.9 


: 


-1141.5 : 


155 


48 : 


65 


48 : 


-12950 : 


-15650 



ROSETTE VIII 



BI- : 
AXIAL: 
EDGE : 
LOAD : 


MIN 

STRAIN 


: 

: 


MAX : 
STRAIN : 


ANGLE : 
TO MIN : 
STRAIN : 


ANGLE 
TO MAX 
STRAIN 


: 


MIN ; 
STRESS : 


MAX 

STRESS 


1000 : 


-79.1 


* 


55.1 : 


65 


20 : 


-26 


4o 


i 


-776 : 


129 


2000 : 


-58.9 


: 


57.6 : 


71 


40 : 


-18 


20 


: 


-540 : 


226 


5000 : 


4.6 


•* 


61.4 : 


78 


05 : 


-11 


55 




260 : 


710 


4000 : 


56.8 


* 


146.6 : 


94 


48 : 


4 


48 




1140 : 


1852 


4400 : 


99.4 


• 


198.6 : 


97 


25 : 


7 


25 




1800 : 


2588 


4800 : 


157.2 


5 


252.2 : 


99 


28 : 


9 


28 




2410 : 


5520 


5200 : 


195.5 


* 


555.1 s 


99 


56 : 


9 


56 




5555 * 


4455 


6000 : 


516.5 


• 


552.1 : 


99 


52 : 


9 


52 




5505 : 


7100 


7000 : 


497.5 


: 


1191.5 


102 


12 : 


12 


12 


: 


9680 : 


14620 



EDGE 

LOAD 

IN 

POUNDS: 
1000 : 
2000 : 
3000 : 
1*000 : 
1*1*00 : 
1*800 : 
5200 : 
5600 : 
6000 : 
6200 : 
61*00 : 
6600 : 
7000 : 



TABLE 6 

DEFLECTION 

IN 

THOUSANDTHS OF AN INCH 
A : B : C : D : E : F 

000 : 000 : 000 : 000 : OCO : 000 

12 : 11* : 16 : 39 : 1*2 : 51 

30 : kO : 55 : HO : 12k : ll*8 

1*7 : 65 : 80 : 196 : 22l* : 270 

58 : 80 : 96 : 2l*0 : 277 : 333 

66 : Q2 : 111 : 280 : 323 : 38? 

80 : 112 : 135 : 3i*0 : 39l* : 1*70 

95 : 130 : 157 : 3<?6 : 1*56 : 51*1* 

118 : 157 : 186 : 1*76 : 51*1* : 61*7 

132 : 175 : 205 : 523 : 598 : 707 

11*2 : 188 : 220 : 559 : 637 : 7l*8 

156 : 212 : 250 : 622 : 712 : 830 

181 : 250 : 291 : : 8 11* : 9l*0 

FIGURE 1* 

C 



NORTH 



FIGURE 5 
PLATE DEFLECTION 
VERSUS 



BIAXIAL EDGE LOAD 
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APPENDIX A 



TESTING APPARATUS 
FOR 

THIN PLATES 
SUBJECTED TO 
BIAXIAL LOADING 
IN THE 

PLANE OF THE PLATE 
EDGES SIMPLY SUPPORTED 



APPENDIX A 



TESTING APPARATUS FOR THIN PLATES SUBJECTED TO BIAXIAL LOAD- 
ING IN THE PLANS OF THE PLATE WITH ITS EDGES S IN PLY SUPPORTED 

In an effort to achieve a device by which a thin plate could be 
subjected to biaxial loading in the plane of the plate with its 
edges simply supported, a frame and system of loading bars and 
blocks was designed. The frame (Figure 1) consists of a double 
picture frame of four by four by three-eighths inch structural 
steel. The two frames are separated at the desired distance by 
the proper length of pipe placed between the frames at a hole 
at each of the four corners; through the holes in the pipes and 
frames are bolts with nuts to hold the frames together finely. 
This composite frame is to stand upright on supports on the bed 
of a compression loading machine. In the vertical direction 
the load is applied from the head and bed of the machine to the 
plate through a system of load-distributing bars and blocks 
(Figure 2) which distribute the load uniformly along the txvo 
horizontal edges of the plate; in the horizontal direction the 
load is applied to the vertical edges of the plate by two ten- 
sion rods which apply the load through a similar system of lead- 
distributing bars and blocks. The load-distributing bars are 
separated in their direction of applied load by lengths of one- 
quarter inch drill rod, and are positioned spacewise by a light- 
weight frame (Figure 5 ) with pipes and bolts. Along each side 
of, and adjacent to the plate are eight pairs of mated blocks 
(Figure 5 a a nd 5b); they are held together by the proper length 



of one-quarter inch drill rod. The load-side block of each pair 
is held in place by six bolts threaded through the angle frames 
(three bolts through each frame par block) in a manner such that 
movement of the blocks is possible only in the plane of the plate 
and applied load; there are ninety- six of these bolts in each 
frame. The plate-side block of each mated pair is toothed in or- 
der that the restraint imposed on the compression of the edge of 
the plate when subjected to load will be minimized. 

This design allows for rotation of the edges of the plate about 
lines in the extended middle plane of the plate and for transla- 
tion of the edges of the plate in planes parallel to the middle 
plane of the plate. The assembly will accommodate one size plate, 
a thirty-six inch square test specimen. It allows for an edge 
translation of approximately three- sixteenths of an inch, for an 
edge rotation of approximately fifteen degrees and/or a deflec- 
tion at the center of the plate of approximately two inches for 
a one inch thick plate. For plates thinner than one inch the allow- 
able deflection at the center increases by one-half the amount that 
the plate is less than one inch thick. 

For plates of thickness in the order of one-half inch or less, it 
is necessary to modify the arrangement in that at comparatively 
small loads the test specimen is unstable with respect to the 
toothed loading blocks and will spring free of the teeth. By re- 
ducing the size of the plate and installing restraining blocks 
(Figure 6) this difficulty is eliminated. 
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